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eral	 assessment	 of	 the	 mine	 situation	 within	
Lunda	 Sul	 and	 Moxico	 provinces	 in	 eastern	










pacity	 in	 Moxico	 and	 Lunda	 Sul	 provinces,	
DCA	 investigated	 existing	 verification	 and	
detection	 systems	 that	 had	 been	 or	 were	 be-





appropriate.1	 In	 mid-200,	 DCA	 decided	 to	








by Marcel E. Durocher and Anders Jansson [ DanChurchAid ]
The anti-tank mine threat on access roads in 
eastern Angola is the greatest impediment to 
infrastructural rehabilitation, economic recovery 
and social development in that area. The authors 
discuss the method and equipment used by 
DanChurchAid to verify and clear roads in Moxico 
and Lunda Sul provinces.
Road Verification and 






WADS-RCT	operation	 successfully	 completed	 two	days	of	 accept-
ance	field	trials	 in	the	Luena	area	 in	mid-November	200	and	was	


















sance	 survey.	 The	 data	 collected	 during	 this	















At	 a	 survey	 speed	 of	 five	 kilometres	 per	
hour	 (three	 miles	 per	 hour),	 metal-jacketed	
anti-tank	 mines,	 fragmentation	 mines	 and	
some	of	the	 larger	anti-personnel	mines,	such	
as	the	PMN	and	PPM-2,3	are	easily	and	con-
sistently	 detected	 by	 sensors	 in	 the	 1.0-metre	 by	 1.0-metre	 config-













































Mine Clearing Survivable Vehicle
Based	 on	 the	 success	 of	 the	 multi-
tool-attachments	 concept	 used	 in	 the	
SDTT,	the	HD	R&D	Program	invested	in	
the	Mantis	mine-	and	vegetation-clearance	
system.	As	 its	platform,	 the	Mantis	uses	 a	
modified	 and	 armored	 John	 Deere	 6920	
farm	tractor	capable	of	operating	a	number	
of	specialized	and	commercial	off-the-shelf	
implements	 to	address	 some	of	 the	vegeta-
tion	 clearing,	 soil	 preparation,	 area	 reduc-
tion,	 quality	 assurance,	 and	mine	 removal	
and	 neutralization	 problems	 in	 humani-
tarian-demining	operations.	The	 system	 is	
equipped	 with	 front	 and	 rear	 power	 take-
offs,	 standard	 three-point	 hitches	 in	 the	
front	and	rear,	and	a	loader	frame.	The	trac-
tor	was	modified,	armored	and	reassembled	




mine-survivable	 vehicle	 that	 has	 multiple	
functions	and	is	based	on	a	COTS	technolo-
gy	(i.e.,	John	Deere	farm	tractor).	The	tractor	
has	 been	 armored,	 fitted	with	 a	 10-degree	









used	by	 the	 construction	 and	 earth-moving	
industries	 but	 also	 applicable	 to	 demining	
operations.	 Along	 with	 the	 mine-resistant	
John	 Deere	 tractor,	 this	 toolbox	 currently	
consists	 of	 a	 rotary	 mower,	 area-reduction	
roller,	 rotary	 mine	 comb,	 grab,	 four-in-one	
bucket,	heavy	cultivator,	spring-tine	cultiva-
tor,	 bed	 formers,	mine	 sifter,	 tree	 extractor,	
magnet	and	hedge	cutter.	Together	with	the	
prime-mover	 tractor,	 these	 12	 tools	 provide	
deminers	 with	 capabilities	 to	 perform	 their	
work	effectively	and	efficiently.	
In	 August	 200,	 the	 Mantis	 and	 its	
complementary	tools	underwent	a	thorough	
performance	 evaluation	 conducted	 by	 HD	
R&D	Program	 staff	members	 and	 support-
ed	 by	 engineers	 from	 the	 United	 Kingdom	
under	the	auspices	of	 the	International	Test	
and	 Evaluation	 Program	 for	 Humanitarian	
Demining.	 For	 the	 soil	 and	 vegetation	
within	 the	 environment	where	 the	 testing	
occurred,	 the	 results	 of	 the	 performance-
demonstration	assessment	show	the	Mantis	
and	 its	 demining	 and	 area-preparation	
tools	 can	 prepare	 an	 area	 for	 demining,	
remove	 anti-personnel	mines	 and	 leave	 an	
area	 ready	 for	 quality-assurance	 proofing	
and	subsequent	use.










Mantis	 removed	9,600	kilograms	 (11	 tons)	
of	 metal	 with	 the	 magnet	 attachment	 and	
cleared	 6,00	 square	 meters	 (16	 acres)	 of	
land	 (clearing	 vegetation,	 and	 cultivating	
and	 sifting	 soil).	 NADU	 members	 also	 re-
ported	the	blast-resistant	SETCO	tires	were	
extremely	effective	in	encounters	with	PMN	
mines,1	 not	 incurring	 any	 damage	 to	 the	




tion	 with	 the	 Hitachi	 excavator),	 NADU	







to	 determine	 why	 these	 mines	 were	 left	 in	




















provide	 the	 humanitarian-demining	 com-
munity	 with	 highly	 reliable,	 cost-effective	
systems	 augment	 current	 catalogs	 of	 de-
mining	 tools	 and	 expand	 area-reduction	
and	demining	capabilities.	
See Endnotes, page 113
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the	hole	is	filled	in	and	the	excavator	moves	
on	to	the	next	target.
When	 investigating	 deep	 targets	 or	 sus-
pected	anti-tank	mine	targets,	the	targets	are	
marked	as	shown	in	Figure	10.	The	target	is	
then	 investigated	 by	 excavating	 a	 V-shaped	
trench	on	the	outside	of	the	marking	sticks	on	
dirt	roads	or	painted	lines	on	asphalt	roads.












for	each	 target,	 the	area	 requiring	additional	
treatment	 for	 the	 above-mentioned	 mine	
types	 is	 reduced	 by	 9	 percent.	 Using	 this	
methodology,	the	eight-person	RCT	has	been	
able	to	verify	and	clear	up	to	two	kilometres	
(one	 mile)	 of	 road,	 or	 1,000	 square	 metres	
(four	acres)	of	land,	per	day.
Quality-assurance	 survey.	 After	 com-
pletion	of	clearance	activities	for	a	given	road	
segment	(five	to	10	kilometres)	the	WADS	
Figure 4: RCT reacquisition team marking 
a buried target location. 
team	 resurveys	 the	 road	 segment.	 System	
configuration	and	survey	parameters	during	
the	 road	 resurvey	 activities	 are	 exactly	 the	
same	as	during	the	initial	road	survey.
Maps	from	the	two	survey	runs	are	com-
pared	 to	determine	 if	 all	 targets	have	been	
removed.	A	0-metre	section	of	the	Luena-
Lucusse	road	is	presented	as	an	example	 in	
Figure	 11.	 Missed	 targets	 and	 targets	 for	
which	 the	 collected	 target	 attribute	 data	 is	













targets	 requiring	 investigation	 by	 the	 RCT	
will	result	in	significant	productivity	gains.	
In	2006,	several	options	are	being	con-
sidered	 to	 improve	 the	productivity	of	 the	
RCT.	Some	of	the	options	under	consider-
ation	include:	
Figure 9: Armored mini-excavator used to 
investigate buried targets. 
Figure 10: Manual deminer investigating a 
deep target. 
Figure 11: Example of initial survey (left) 
and post-clearance quality-assurance sur-
vey (right). Reference point is “+” symbol 

















Figure 5: RCT reacquisition team navigat-




























































































































entially	 corrected	GPS	data	 stream	 from	 the	Omnistar	Differential	
GPS	 system	 is	 also	 routed	 through	 the	 analog-to-digital	 converter	
and	is	subsequently	acquired	by	the	MonMX	software.	The	in-vehicle	
electronics	module	is	shown	in	Figure	2.	
Sensor-array	 parameters	 such	 as	 number	 of	 sensors,	 sensor-coil	
configuration,	 sensor-array	 configuration,	 and	 longitudinal,	 lateral	
and	vertical	GPS-sensor	offsets	are	pre-survey	 inputs.	The	 location	
and	 nature	 of	 road	 environmental	 events	 that	 adversely	 affect	 the	




files	 saved	 by	 the	 MonMX	 software	 are	 subsequently	 merged	 and	
saved	into	a	single	geo-referenced	data	file	for	later	processing	by	the	
Ebinger	DLMX	software.
The	Geosoft	Oasis	Montaj	 software	 is	used	 for	data	processing	
and	target	selection.	For	a	given	road	segment,	one	to	five	kilometres	
(0.6	 to	 three	miles),	 all	of	 the	geo-referenced	data	files	are	merged	
into	a	single	database	that	is	subsequently	edited	to	remove	errone-
















Digital	 copies	 of	 the	 work	 maps	 along	 with	 tables	 containing	 all	









Target	 reacquisition.	 Target	 reacquisition	 is	 carried	 out	 by	 a	
two-person	team	that	is	part	of	the	RCT.	One	of	the	team	members	
is	equipped	with	an	Omnistar	BD-132,	12-channel	GPS	receiver	and	














The	 rationale	 for	 selecting	 a	 2-metre	 by	 2-metre	 search	 box	 is	
based	on	GPS	data	recordings	at	the	DCA	GPS	base	station	in	Luena	
and	 on	 offsets	 recorded	 during	 target	 reacquisition	 activities.	 GPS	
readings	were	collected	over	a	period	of	five	days	in	September	200	
to	 monitor	 daily	 variations	 in	 DGPS	 position	 fixes.	 Between	 :00	






Offsets	between	where	 the	 target	 is	 supposed	 to	be	 located	and	




than	 one	 metre	 from	 the	 calculated	 positions.	 On	 the	 basis	 of	 the	


















Figure 4: Cross-section of subsurface volume in which a TM-46 anti-tank mine can be detected when using a 7.5-metre-wide six-sen-
sor array. Sensor array standoff distance is 60 centimetres (24 inches). Horizontal station separation is 100 centimetres (39 inches) 
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An	Alternative	Perspective,	Weitzel	[	from	page	10	]
1.	 Gilbert	Laurin,	“Should	the	Ottawa	Convention	Banning	Anti-personnel	Landmines	Be	
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lebanon/2/grant.htm.	Accessed	March	13,	2006.
11.	 Graeme	R.	Goldsworthy	and	Dr.	Frank	Faulkner.	Oct.	13,	2003.	“Armed	Non-state	Actors	
and	 the	Ban	on	Anti-personnel	Mines.”	The Journal of Humanitarian Assistance.	 http://
www.jha.ac/articles/a12.htm.	Accessed	March	13,	2006.

















2.	 A	 submunition	 is	 similar	 to	 a	 cluster	munition	 (aka	 cluster	bomb	unit).	 It	 is	 a	piece	of	
ordnance	that	is	discharged	from	a	larger	“carrier.”	Whereas	cluster	bombs	are	generally	





3.	 Comic	Relief	 is	 a	nonprofit	organisation	based	 in	 the	United	Kingdom.	The	mission	
of	Comic	Relief	 is	 to	contribute	to	organizations	battling	social	 injustices	and	aiding	
poorer	countries.	
.	 As	of	10	May	2006,	£0,000	equals	US$,66.	





6.	 Uganda	 signed	 the	Convention on the Prohibition of the Use, Stockpiling, Production and 























2.	 American-manufactured	 plastic	 AP	 mine.	 For	 more	 information,	 visit	 http://www.
eng.warwick.ac.uk/DTU/pubs /wp/wp/appendixcminesandordinance.html.
Accessed	March	2,	2006.	
3.	 Common	 and	 virtually	 undetectable	 AP	 mine.	 For	 more	 information,	 visit	 http://
thirdangle.com/viewphoto.asp?perpage=200&area=-1&CurrPage=9&pid=179.	
Accessed	March	2,	2006.	


















3.	 Anti-tank	 and	 lightweight	 landmine.	 Originally	 from	 France,	 made	 from	 pressed	
sheet	metal.
.	 Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-













farmers’	 food	prosperity	 instead	of	 simply	 farmers’	 food	security	by	carefully	marketing	
farmers’	produce	and	generating	more	high-value	crops.	Another	goal	the	two	organiza-
















updated	 May	 ,	 200.	 http://www.usaid.gov/our_work/humanitarian_assistance/the_
funds/lwvf/tatcot.html.	Accessed	Feb.	13,	2006.





1.	 Convention on the Prohibition of the Use, Stockpiling, Production and Transfer of Anti-













3.	 Dr.	 Kai-Kai	 is	 the	 Chief	 of	 the	 Disarmament,	 Demobilization	 and	 Reintegration	
Department	 of	 United	 Nations	 Mission	 in	 Sudan.	 He	 spoke	 on	 behalf	 of	 Mr.	 Manuel	
Endnotes
•	 Carrying	 out	 mechanical	 and/or	 manual	 pre-survey	 road	 treatments	 to	 reduce	 the	
amount	of	loose	scrap-metal	on	the	road	surface	
•	 Combining	new	explosive-detection	technologies	with	the	WADS	and/or	incorpo-
rating	 them	 in	RCT	procedures	 to	 reduce	 the	number	of	 targets	 requiring	 time-
consuming	intrusive	interventions	
•	 Increasing	the	number	of	road-clearance	teams
The authors would like to thank DanChurchAid for assistance in the preparation of the manu-
script and for permission to publish this article.
See Endnotes, page 113
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Explosive-sniffing Goats Avoid Offending Muslims
In an effort to protect 
security forces in the Muslim 
world, 29-year-old Geva Zin, an 
Israeli K-9 security trainer, 
turned to an unconventional 
ally. Zin began training goats 
to detect explosive materials 
in vehicles and on citizens 
examined at checkpoints. 
Dogs, although prevalent and 
adept at explosive detection, 
are offensive to many Muslims 
because they are considered unclean. Security forces around 
the world were often left with the choice of offending local 
Muslim populations or exposing humans to incredible risk at 
checkpoints. Zin’s work sought to solve that problem by using 
one of the most common animals in Muslim life—the goat.
Zin already has had great success training dogs and even 
miniature pigs to detect explosives and uncover mines, but 
goats offer a unique solution to security situations in the 
Muslim context. First, there is a decreased chance of security 
forces humiliating Muslims with searches by dogs. Second, goats 
are able to search every suspect and vehicle. Third, their 
use protects lawmen by allowing them to keep a safe distance. 
Finally, because goats are prevalent in many parts of the 
world, their presence in most situations is unobtrusive—dogs 
were often denied entry to mosques, private homes, and areas 
containing Muslim holy books.
Zin’s goats are trained much like dogs, sitting when they detect 
explosives to alert a nearby handler that a person or vehicle 
should be searched more carefully. 
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